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The mechanisms behind length regulation of prokary-
otic surface structures has long eluded microbiolo-
gists. The recent identification of a protein that
functions as a 'molecular ruler' to determine the phys-
ical length of a bacterial extracellular needle advances
our understanding of surface structure biogenesis.
The type III secretion systems (TTSS) of certain bacte-
ria mediate the secretion and translocation of virulence
proteins into host cells during infection. These virulence
proteins are often toxins or effector molecules that
disrupt normal cellular functions and allow the bacteria
to avoid host immune responses, proliferate, and
promote disease. The TTSS (also termed ‘injectisome’)
is located at the cell surface and shown by EM to be a
protruding needle-like structure about 8–10 nm thick
and about 60 nm long [1–3]. This secretion system is
composed of at least 20 proteins, some of which have
considerable sequence similarity to proteins involved in
bacterial flagellum biogenesis. Furthermore, the TTSS
and flagellar basal body structures both consist of two
pairs of membrane-embedded rings joined by a central
rod [4,5] (Figure 1). These findings and other data
suggest a common ancestral relationship between the
TTSS and the flagellar export pathway.
Recent findings presented by Journet et al. [6] indi-
cate that the size (primary amino acid sequence
length) of YscP, a protein encoded by certain Yersinia
spp., determines the length of the TTSS needle on the
bacterial cell surface. YscP seems to act as a ‘molec-
ular ruler’, determining the length of the needle struc-
ture. Upon needle completion, the TTSS switches
substrates to effectors, which are then presumably
secreted through the needle structure. The findings
also support observations from other TTSS and
perhaps pertain to bacterial flagellum hook length
control. This remarkable finding is a rare example of
post-translational regulatory control of a cell surface
multi-component structure.
Comparative genome analysis of different wild-type
yscP alleles led to the observation that YscP of Y.
enterocolitica has an internal duplication of 60 central
amino acid residues compared with YscP of Y. pestis
[7]. Both proteins are highly homologous, and have
been shown to be expressed and functional in their
native strain [7,8]. Cross-complementation and mutant
allele experiments were performed to assess the role
of the 60 amino acid internal repeat of YscP from Y.
enterocolitica [6]. It was found that complementing a
Y. enterocolitica yscP mutant with the shorter Y. pestis
yscP allele resulted in needles that were shorter than
wild type. Additional experiments revealed that, if the
length of Y. pestis YscP was extended by inserting the
duplicated 60 central amino acids found in Y. entero-
colitica YscP, needles returned to wild-type length
upon complementation in Y. enterocolitica. Deletion of
specific regions of YscP resulted in shorter needles,
and insertions of amino acids into the central region of
YscP resulted in longer needles. Lastly, YscP mutant
proteins with amino- and carboxy-terminal deletions
were unable to confer needle length control, produc-
ing needles that were of indefinite length much like the
YscP null mutant strain. Collectively, the data indicate
that the central region of YscP appears to be critical in
determining actual needle length, and the terminal
regions are important for overall YscP functionality
and perhaps for the control of needle length.
Some of these findings may apply to flagellar bio-
genesis due to similarities between TTSS and flagellar
basal body proteins. The study of flagellar hook length
control in Salmonella has been facilitated by the range
of basal body-hook structural intermediates that can
be studied in various mutant backgrounds. Many
studies have focused on FliK, as fliK mutants produce
abnormally long hooks [9–12]. Interestingly, earlier
studies reported that FliK loses the ability to control
hook length when deletions are made in the amino
and carboxyl termini of the protein, similar to the
recent findings for YscP. Specifically, amino-terminal
deletions within FliK inhibited its own export and sub-
strate-switching was not observed, whereas carboxy-
terminal deletions within FliK resulted in FliK secretion
but abrogated substrate switching to downstream fil-
ament-type proteins [10]. Similarly, yscP mutants are
unable to efficiently secrete effector Yops (Yersinia
outer proteins), suggesting that substrate switching
does not occur in the absence of YscP [7,8,13]. There-
fore, YscP and FliK appear to have at least some func-
tions in common.
When interpreting the results from many studies in
type III secretion and flagellar biogenesis, it is still diffi-
cult to envision how a molecular ruler functions to
control length. Indeed, the distinct needle phenotypes
and secretion profiles brought about by the domain
analyses of YscP and FliK are hard to reconcile. A yscP
null mutant would be expected to have no needle or a
very short one, but this is not the case. Abnormally long
needles are produced in yscP mutants. A key break-
through is the finding that YscP is associated with puri-
fied needles from Y. enterocolitica [6], which strongly
suggests that YscP functions within the needle struc-
ture. Although FliK has not been localized to the flagel-
lar hook, it has been suggested to act within the
flagellar apparatus, in proximity to the hook, conferring
the ability to sense the length of the structure [11]. A
model presented by Journet et al. [6] depicts a single
molecule of YscP within the needle, anchored at the
base (proximal to the cell surface) as well as at the
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distal tip of the structure (Figure 1). This placement con-
siders the demonstrated importance of the terminal
regions of the protein, as well as the central molecular
ruler region. The anchoring of YscP to the base of the
needle within the model also sheds light on the role
YscP plays in export substrate switching [7,8,13], a
process that likely occurs at the basal body region of
the TTSS. Interestingly, fliK suppressor mutations are
exclusively located within flhB, a gene that encodes a
membrane-associated protein of the flagellar export
apparatus [10], suggesting that FliK (and perhaps YscP)
physically interact with basal components of their
respective secretion apparatuses.
The validity of the model could be tested by identify-
ing YscP-binding partners, the obvious candidates
being major needle proteins or type III secretion appa-
ratus genes. Since long needle phenotypes have been
reported for invJ mutants of Salmonella [14] and spa32
mutants of Shigella [15] the model may also apply to
these systems. As for FliK, researchers in the field have
long disclaimed its role as a simple molecular ruler
based on many lines of experimental evidence
[9–11,16], but perhaps the arguments against this role
are not completely justified. If this model applies to fla-
gellar hook length control (Figure 1), then bacteria with
significant amino acid insertions into the less conserved
central region of FliK would be expected to produce
longer hooks and probably assemble flagellar filaments.
Crystal structures of these molecular ruler proteins will
also be needed to ascertain the spatial constraints and
possible conformational changes that are likely to occur
during length measurement and substrate switching.
Needle length is an important facet of effector deliv-
ery to host cells. The length of the needle probably
reflects the distance between the bacterial cell and the
host cell membrane after contact is mediated by adher-
ence factors such as pili or surface adhesins. For that
reason, bacteria are likely to have needle lengths (and
length determinants) that have evolved to deal with the
cell types they infect; for example, host cells that have
thick mucus layers or microvilli may require a longer
needle for penetration into the cytoplasm. This might
explain why YscP (Yersinia), InvJ (Salmonella) and
Spa32 (Shigella) do not exhibit significant sequence
similarity, but still appear to behave as functional ana-
logues. The identification and characterization of
needle length determinants in other TTSS will be useful
in understanding effector translocation and the regula-
tory controls involved in the process.
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Figure 1. Schematic diagram depicting
hypothetical models of type III secretion
system needle length and bacterial
flagellar hook length control. 
(A) In Y. enterocolitica, YscP is associated
with the needle structure during needle
elongation [6]. YscP is hypothesized to be
anchored at the proximal and distal ends
of the needle. When needle length has
reached a maximum, as determined by
the size of the YscP molecular ruler, YscP
is secreted into the external medium, and
a switch to effector Yop proteins occurs.
(B) FliK is involved in bacterial flagellar
hook length control, although FliK has not
been shown experimentally to co-purify
with hook structures. FliK is secreted into
the external medium during hook assem-
bly [11] or possibly at hook completion.
Upon FliK secretion, there is a switch to
filament-type proteins resulting in flagellar
filament assembly.
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